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ÅAdvances in HEP, DM 

detection, quantum imaging 

demand better detectors:

Ą Extreme spatial/temporal 

resolution

Ą Extreme environments

(cryo, rad-hard)

Ą Extremely low noise (< 1 e-)

ÅMulti-year DOE collaboration 

to co-design:

Ą New sensors

Ą New readout electronics

Ą New packaging/integration

Developing the Hybrid Cryogenic Detectors of the Future
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Skipper CCD -in-CMOS

ÅIncident particles create e-h pairs in 

the CCD substrate.

ÅCharge packets create a small voltage 

that can be sensed by a CMOS 

amplifier.

ÅNoise can be 

dramatically reduced 

by ñskippingò charge 

packet back and forth 

and sampling it many 

times. 

10.1103/PhysRevLett.119.131802 [1] 



Monolithic, Column -Parallel Hybrid, Per -Pixel

Reading Out a CCD Image Sensor
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Per-Pixel readout offers ὕὲ speedup, but at a cost:

Severely constrained power and layout area for the 

front-end and ADC circuits.
Stefanov, et al. [2]



How to Detect a Single Electron
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Impulse response of a CDS circuit.

H.M. Wey and W. Guggenbuhl [3]

м ŜƭŜŎǘǊƻƴΧ
Ą Source Follower output: 115 uV
Ą Pre-Amp output: 1.15 mV

Equivalent output noise: 550 uV, or
0.48 e-

To ADC



How to Detect a Single Electron (and Digitize it)
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In Siliconé
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How to Detect a Single Electron (and Read it Out)
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10b * 100 kHz * 1 MPix= 1 Tbps!
Data compression is important:
Å Zero-suppression
Å PCA
Å ML-based Autoencoder


